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Use of Existing OECD In Vitro Approaches

OECD TG473
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Skin and eye irritation; skin sensitization;

phototoxicity; mutagenicity... what about systemic
toxicity?




Principles of NGRA from ICCR

4 International Cooperation
on Cosmetics Regulation
The overall goal is a human safety risk assessment
The assessment is exposure led
The assessment is hypothesis driven

The assessment is designed to prevent harm

Following an appropriate appraisal of existing information
Using a tiered and iterative approach

Using robust and relevant methods and strategies

2

Sources of uncertainty should be characterized and documented
The logic of the approach should be transparently and documented

Dent et al ., (2018) Comp Tox 7:20-26
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Distributions of Oral Equivalent Values and Predicted Chronic Exposures
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Rotroff, et al. Tox.Sci 2010




EPA, NTP, HC, A*STAR, ECHA, EFSA, JRC, RIVM...

414/448 chemicals =
92% of the time this
naive approach appears
conservative

Apply high-
throughput
toxicokinetics
(httk) to get
mg/kg-bw/day

Bioactivity- N
N o POD, .y : PODyan ratio >
Exposure ratie PODyam POD,asiionst

th
95th 95t 50" %

Katie Paul-Friedman et al. 2019 Tox Sciences, October Issue

Environmental Topics Laws & Regulations About EPA Q
Efforts to Reduce Animal Testing at EPA

On September 10, 2019, EPA Administrator Andrew Wheeler signed a directive that prioritizes efforts to reduce animal testing. The
memorandum calls for the agency to:

« reduce its requests for, and funding of, mammal studies by 30 percent by 2025, and

innﬂl mﬁltn-hwdw

« eliminate all mammal study requests and funding by 2035.

* ExpoCasi » POD-MNAM & max AED » POD-padbonsl




The Margin of Safety Approach

Point of Departure

Exposure models (PBK, Point of departure derived
free/total concentration) from in vitro concentration-

Margin of response

safety
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Case Study Approach... Imagine we have no data for:
Coumarin

Baltazar et al., (2020) Toxicological Sciences, accepted

FACE CREAM

With
Coumarin

Safety assessment Safety assessment required
required for 0.1% for 0.1% coumarin in Face
coumarin in Body Lotion Cream



Case Study Framework
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Systemic Bioavailability using PBK Modelling

Key output parameters from uncertainty
analysis:

Total
Plasma

Face
Cream

Mean Median

90th 95th 97.5th 99th

percentile percentile percentile percentile

Body
lotion

Body lotion Face Cream

60
40
20

0
0.005 0.010 0.015 0.020 0.025 0.030 0.002 0.004 0.006

Cmax (Hg/mL) Cmax (ug/mL)

Uncertainty & Population Variability

Clearance
B in silico 98.57 L/h
in vitro 929 L/h

Concentration (uM)

0.1% Face cream & body lotion in Europe

Cline Source

Data
Face Cream Bodv Lotion —— in silico

— in vitro

0.0 2.5 5.0 7.5 . 5 10 15
Time (Days) Time (Days)

Physiologically-based kinetic modelling using GastroPlus®
v9.5.

Estimations based on experimental data (Clint, fup, bpr, solubility, LogP). Skin
penetration parameters were fitted against skin penetration data.

Moxon et al (2020) Toxicology in Vitro, 63 104746



In Vitro Bioactivity: Safety Screen

Bowes et al 2012. Nature Reviews: Drug Discovery 11 909-922

FAMILY FORMAT

m_GPCR
ADENISINE
ADRENERGIC

CANMABINDID

CHOLECYSTOKININ
DOPAMINE

ENDOTHELIN
HISTAMIME

MUSCARINIC

1
QFIDID & O OID-LKE delta, (DOF)
kappa [KOF)
miu (MOF)
SERCTONIN 5-HT,
E-HT,

E-HT.

Fl
VASOPRESSIN
m_TRANSPORTERS

DOPEMIME dopamine
transporter

Gene Expression Level across 5 cell lines

FAMILY
MOREFINEFHRINE

SEROTOMIN

m__|ON CHANNELS

GABA CHANNELS
GLUTAMATE CHANNELS
MNICOTINIC CHANNELS
SEROTOMIN CHANNELS
Ca™ CHANMELS

K+ CHANNELS

Ma* CHANNELS

STERDID NUCLEAR
RECEFTORS

m_ KINASES

CTE

AA METABOLSM

MOMOAMINE &t
NEUROTRANSMITTER

PHOSPHODIESTERASES

NUCLEAR RECEFTORS

ASSAY FORMAT  ITEM #
norepinephring i 0358
trarsparter

E-HT trarsporter i 0439

BEZD (central)

HKDA

N reuranal odfz
E-HT,

Ca® channel

(L, dibydropyridine site)
hERG [membrane
preparation)

K, channel

Nz channal (site 2)

AR
GR

Lek kinase

OTHER NON-KINASE ENFYMES

COX,
COX,
acetylchalinesterase
MAD-A

FOE3A

POE4D2

SHEK793 WHola ®HEL WHopGZ =MCF?

% Inhibition of Control Specific Binding
0 10

A2A(h) (agonist radioligand)
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All binding and enzymatic assay results
were negative at 10 uM, including COX-
1 and COX-2

No receptor/target-led
pharmacological effect

Nuclear
receptor GPCR panel
panel

Transporter lon Channel
panel panel

Ca2+ channel (L. site)

Potassium Channel NERG (human)- [3H] Dofetilide

Enzyme panel

KV channel (antagonist radioligand)

Nar channel (site 2) (antagonist radioligand)
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M Test Concentration:1.0E-05 M

SafetyScreen44™ Panel




Immunomodulatory Bioactivity: BioMap® Diversity 8 Panel

BioMAP systems contain human primary cell types (or combinations) that are stimulated to replicate complex
cell and pathway interactions of vascular inflammation, immune activation and tissue remodelling

3C 4H BE3C CASM3C HDF3CGF

@ o dg 6? @ @ ! Biological readouts associated with anti-proliferative

and tissue remodelling activities across all cell
Cell System Endothelial Endothelial PBMC + PBMC + Bronchial Coronary Fibroblasts Keratinocytes

(IL1b+TNFa+l | (IL4+Hist] Endothelial | Endothelial | Epithelial artery SMCs | (IL1b+TNFa+ | + Fibroblasts systems
FNy) [TLR4) [TCR) (IL1b+TNFa+ | (IL1b+TNFa+ | IFNy +EGF ((IL1b+TNFa+
IFNy) IFNy) +bFGF+PDG | IFNy +TGFb] NO

F-B8) immunomodulatory effects at relevant
LOEL 18.5uM >500pM 167uM 167uM | s6uM | s00uM concentrations 18.5 uM

‘| Biomarker Proliferation - MMP-1 Proliferation | Proliferation | -

ttctd (-33%) (-27%) (-25%) (-46%) Data suggest that coumarin is not an anti- |56\
>20%) 2

Tissue Factor

(-26%) inflammatory compound

[<20%) ® SRB TF
(-16%) (-17%])

167 pM
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® 500 uM

2 Biomarker is significantly changed outside of the vehicle envelope, occurs at 2 or more consecutive concentrations, and the % change is >20 for at least one concentration
b Biomarker is significantly changed outside of the vehicle envelope, a dose response is seen, however, the % change is <20 at the top dose
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In Vitro Bioactivity: Cell Stress Panel

Hatherell et al., (2020) Toxicological Sciences, accepted
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Compound: Coumarin  Assay: Cellular ATP Reference:

24 hours

Chance of responss: 99.4% ®

Biomarker

Stress pathway

PoD (2.5t
percentile),
um

PoD (50t
percentile),
um

PoD (97.5t

percentile), uM

Cell count (72h)

Cell health

54

150

316

ATP (6h)
ATP (24h)

Cell health

738
449

976
763

GSH (24h)

Oxidative stress

781

979

IL-8 (6h)
IL-8 (24H)

Inflammation

52

123
974

Phosholipidosis (24h)
Phosholipidosis (72h)

Cell health

949

915

LDH (1h)

Cell health

974

ICAM-1 (24h)

Inflammation

973

Steatosis

Cell health

974

Niacinamide
Coumarin
Caffeine
Phenoxyethanol
Diclofenac
tBHQ

DEM

Triclosan
Sulforaphane
CDDO-Me

Doxorubicin

B, aw evoTec comPARY

Summary with PoD for cell
stress biomarkers:

W 1-hour [ Cell health
biomarker
@ 6-hour
24-hour
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1072 107! 10° 10! 102
Expected PoD (uM)

Coumarin not very active
comparison to known ‘high
compounds’ like
diclofenac etc.

Cell count, cellular ATP, GSH, IL-8,
ICAM-1 and

Phospholipids, LDH,
steatosis showed a dose response

doxorubicin,



In Vitro Bioactivity: Tempo-Seq Technology
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Concentration (uM) Concentration (uMm) Concentration (uM)

Cell Model HepaRG 2D
Pathway Level Tests (308 pathways)] [0 pathways] (17 pathways)
20 pathways with the 70 NA 5g*
lowest pvalue Reactome
* Coumarin dose range 0.001uM to 100uM 20 pathways with the {owest “ NA 58°
* 24 hour tlme pOInt BMD of Reactome pathway
. . . ithl t BMD that t
« QC and normalisation in DESeq2 significance threshold
- 9 iteri
« BMDExpress2 applied to determine NOTEL (3 pathway criens
approaches) Gene Level Tests (1570 genes| (47 genes) (87 genes)
Mean BMD of 20 genes with 4 3 54
s DY largest fold change
‘?fé'; ) Mean BMD of Genes
o3y between 25th and 75th 17 59
H percentile

Oniloer
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Margin of Safety considering PODs and Exposure

PoDs and plasma C,__, (LM) are
expressed as total concentration

PubChem Cell Stress Panel

—— Body lotion

Face Cream

C..ax €Xpressed as a distribution:

* Line = median (50t percentile)

* Inner band = 25t-75t percentile

* Outer band = 2.51-97.5% percentile (95t
credible interval)

Concentration (/M)

¥
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Application of Ab Initio Approach: Risk Assessment (NGRA)

Margin of safety is the fold
difference between the
Cmax and the in vitro POD

Face cream Body Lotion
Min. 5th Min. 5th percentile
percentile MoS MoS

Cell line/

Exposure > Bioactivity | | Exposure = Bioactivity | | Exposure < Bioactivity y
P : Enzyme/Biomarker

PoD

Cell stress panel HepG2 (ATP, 24h)

Cell stress panel NHEK (OCR 1h)
HepG2 (24h])
HepaRG (24h)
MAO B

Carbonic Anhydrase Type |
Carbonic Anhydrase Type |l

Carbonic Anhydrase Type VI

HepaRG_3D
Cell stress panel (cell mem perm 148h)
HTTr HepaRG_3D_24h
s
‘(\ 6’5’

Umﬂww



Conclusions

Available tools can be integrated to make a safety decision

* NGRA is a framework of non-standard, bespoke data-generation, driven by the
risk assessment questions

* As applied here it is protective not predictive

* Need to ensure quality/robustness of the non-standard (non-TG) work and to
characterise uncertainty to allow informed decision-making

* Rethinking MoS/MoE
* Shortcomings will be addressed by current and future research

* More research, creativity and examples needed to land this successfully across
the community
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